Abstract
INTRODUCTION
Acute pancreatitis is a common and potentially deadly disease. Up to one in five patients diagnosed with acute pancreatitis will develop infected necrosis of the pancreatic parenchyma [1] . Infection of the necrotic area may lead to sepsis and multiorgan failure and is associated with a high mortality [2, 3] . Early enteral feeding, targeted antibiotics and drainage of the necrotic area have been shown to improve outcomes. Colorectal cancer is similarly a common and potentially deadly disease that requires prompt intervention. There have been no published reports of these two conditions being managed concomitantly. Concurrent management of both conditions requires timely stabilization and treatment of the necrotizing pancreatitis prior to commencing treatment of colorectal cancer. We present herein, the first case of a patient with simultaneous infected necrotizing pancreatitis and colorectal cancer.
CASE PRESENTATION

Chief complaints
A 77 years old male presented to the emergency department complaining of lower abdominal pain with associated nausea and vomiting.
History of presenting illness
The patient described sudden onset severe, cramping lower abdominal pain that continued for 8 h prior to presentation. The patient also experienced several bouts of nausea and vomiting since onset of the pain.
History of past illness, social history and family history
The patient previously had a L3-5 laminectomy and a right total knee replacement. He was a non-smoker with a history of occasional social alcohol intake, but reported abstaining from alcohol for the preceding 6 mo. He also reported no previous episodes of pancreatitis and no contributory family history.
Medication history
The patient was taking Oxycodone/Naloxone (5/2.5 mg) twice daily for lower back pain, prior to presentation.
Physical examination
On examination the patient had a heart rate of 65 beats per minute and a blood pressure of 175/78. His respiratory rate was 16 with saturations of 99% on room air. The patient was afebrile at 37.6 °C. The patient's abdomen was mildly distended and diffusely tender across the lower abdomen.
Initial laboratory examinations
Blood analysis showed an elevated lipase of 3810 U/L (< 60) and derangement of liver function tests. Bilirubin was 56 mmol
Hemoglobin was 139 g/L (120-180 g/L) and white blood count was raised at 16.7 × 109 /L (3.5-11.0 × 109/L). The patient's serum C-reactive protein (CRP) was 6.2 (< 5).
Initial imaging examinations
The initial computed tomography (CT) abdomen scan showed extensive peripancreatic edema involving the neck and body of the pancreas. An abdominal ultrasound showed multiple mobile calculi within the gallbladder, measuring up to 7 mm. The common bile duct was dilated to a diameter of 9.6 mm however a calculus was unable to be visualized.
Further management of the patient
Throughout the first week of admission, the patient continued to have severe abdominal pain, fevers up to 39. A CT abdomen scan on day 5 showed extensive necrosis involving over 70% of the pancreas (Figure 1 ). This significant degree of necrosis combined with worsening inflammatory markers and continuing fevers with delirium prompted suspicion for infected necrotic pancreatitis. Consequently, the antibiotic regimen was changed from IV Piperacillin/Tazobactam 4.5 g tds to IV Meropenem 1 g tds and IV Fluconazole 400 mg daily, on day 5 of admission.
Enteral feeding was also commenced via nasogastric tube on day 5, but had to be discontinued on day 6 due to development of ileus. Enteral feeds were reinstated on day 11 and continued until discharge without further complication.
On day 10 of admission, the patient experienced one episode of small volume, painless bright red rectal bleeding. There was no palpable rectal mass on digital rectal examination. At this point in time, the rectal bleeding was presumed to be secondary to splenic flexure colitis or inflammatory changes in the mesocolon which were evident on CT abdomen scan ( Figure 2 ).
On day 19, antibiotic therapy was ceased due to clinical and biochemical improvement. However, 4 d later the patient developed worsening abdominal pain and fevers. The patient was re-started on IV Meropenem and IV Fluconazole. A progress CT abdomen scan was suggestive of infected necrosis around the pancreatic body as evidenced by an interval increase in size and peripheral enhancement, despite the absence of gas ( Figure 3 ).
The antibiotic regime was continued for a further 17 d. During this time, the patient's delirium resolved, he tolerated all enteral feeds, and he progressed to independent mobilisation. After maintaining a stable clinical status for 2 d post cessation of antibiotic therapy, the patient was discharged home on day 42. On discharge the patient's serum CRP was 8.2. He was due to be followed up in clinic 4-6 wk following his discharge in the outpatient department. Our plan was to allow the pancreatic necrosis sufficient time to mature and wall off adequately, in order to facilitate drainage either endoscopically or surgically.
Unfortunately, 22 d following his discharge the patient represented to the Emergency Department with fever and rigors before he was seen in the outpatient department. He was hemodynamically stable, and his abdomen was non-tender, however the serum CRP had increased to 142 mg/L and white cell count was 14.6 × 10 9 /L. Repeat CT abdomen revealed infected necrosis with the presence of gas locules within a large walled off cavity ( Figure 4 ). Subsequently, the patient was admitted and commenced on IV Piperacillin/Tazobactam 4.5 g tds.
The CT scan of his abdomen on readmission raised a new concern of a possible rectal malignancy with thickening of the rectal wall, which had not been appreciated on previous imaging. The patient underwent a flexible sigmoidoscopy on day 4 of his second admission, which revealed a fungating but non-obstructing 8 cm lesion in the rectum. Biopsy of the mass, magnetic resonance imaging of the rectum and staging CT confirmed a T3bN1aM0 adenocarcinoma of rectum ( Figure 5 ). This finding led to an increased level of urgency to definitively manage the infected pancreatic necrosis to facilitate treatment of the rectal cancer.
The decision to drain the infected necrosis at this stage was driven primarily because he had presented with clinical features of infection and had developed new radiological features of infected necrosis with gas locules within the area of walled off necrosis. It was also an appropriate time for intervention given the collection was sufficiently mature and walled off making it a safe time to do so. The rectal cancer made it crucial for us to adequately drain his collection but the decision to intervene at this stage was driven primarily by his clinical features of infection and radiological features which supported this being an appropriate time to intervene.
By this stage (approximately 10 wk post-presentation), the patient had developed a sufficiently mature and walled off collection on imaging. This could have been approached endoscopically or surgically via a transgastric route. The authors preferred the endoscopic approach over surgery as this was less invasive and would have avoided the added insult of surgery and inherent morbidity associated with this. Surgery was reserved at this stage only if the endoscopic approach failed consistent with a step-up approach.
The patient was referred for endoscopic drainage and debridement of his walled off necrosis by the therapeutic gastroenterology team. On day 11 of his second admission he underwent endoscopic ultrasound guided Hot-AXIOS stent placement (Boston Scientific, Marlborough, MA, United States) and insertion ( Figure 6 ). Further endoscopic debridement and removal of the nasocystic catheter was performed on day 18. At this procedure, pulsations of an arterial vessel were visible in the center of the necrotic cavity raising concern of possible arterial erosion and major hemorrhage. The AXIOS stent was therefore removed and two plastic, double-pigtail stents were positioned across the cyst-gastrostomy to ensure patency and ongoing drainage.
The patient's recovery post-endoscopic necrosectomy was uncomplicated and he was discharged on day 28. Notably, he had received IV antibiotic therapy for the entire admission. The case was discussed at the oncology multidisciplinary meeting where it was initially decided to commence neoadjuvant radiotherapy without chemotherapy due to the presence of infected pancreatic necrosis.
The patient started neoadjuvant radiotherapy (50 Gy in 25 fractions) for his rectal cancer one week following his discharge. Given that he tolerated this without adverse effects and with effective ongoing drainage of his walled off pancreatic necrosis, he was then trialed on chemotherapy (Capecitabine) 10 d following his radiotherapy. He also tolerated the chemotherapy well.
Ten weeks post completion of chemoradiotherapy, the patient underwent a laparoscopic ultra-low Hartmann's procedure and cholecystectomy. At the time of surgery, both the splenic flexure and mesocolon were fixed secondary to the inflammatory change from pancreatitis. These operative findings reinforced the decision to perform a non-restorative procedure, which had been discussed with the patient prior to surgery. Post-operative recovery was uneventful. Histopathology revealed a T3 N0 low grade rectal adenocarcinoma with Grade 1 (moderate response) to neoadjuvant treatment. There was no lymphatic, vascular or perineural invasion and the margins of excision were clear. The patient attended regular general surgical outpatient appointments for review of his pancreatic necrosis as well as his rectal cancer. At 1 year follow up, there were no complications from the pancreatitis or evidence of rectal cancer recurrence.
FINAL DIAGNOSIS
Infected pancreatic necrosis and concomitant T3bN1aM0 adenocarcinoma of rectum adenocarcinoma of rectum.
TREATMENT
The patient had endoscopic drainage of their infected pancreatic necrosis and stabilization of this in order to enable receipt of neoadjuvant chemoradiotherapy prior to resection of their rectal cancer.
OUTCOME AND FOLLOW-UP
The patient has recovered well and remains disease free at one year follow-up.
DISCUSSION
Pancreatic necrosis occurs in up to 30% of patients with acute pancreatitis and carries a high morbidity and mortality [3] [4] [5] [6] [7] [8] . Our patient developed extensive necrosis of over 70% his pancreas. Necrosis of greater than 30% of the pancreas is associated with a morbidity of greater than 70% and a mortality rate of 11%-25% [9] . Infection of the necrotic area may lead to sepsis and multi-organ failure thereby compounding morbidity and mortality. The management of necrotizing pancreatitis has changed drastically over the past several decades, with an associated improvement in morbidity and mortality rates [10] [11] [12] . Interestingly, management of necrotizing pancreatitis with concomitant colorectal cancer has never been described in literature and presents several unique challenges in order to facilitate stabilization of pancreatitis, timely therapy and surgical resection of the colorectal cancer. In this case, several factors contributed to shortening the clinical course of the infected necrotizing pancreatitis, namely: Use of endoscopic step up procedure for necrosectomy management, early enteral feeding, early antibiotic treatment and staged chemotherapy and resection. Swift resolution of pancreatitis permitted the patient to undergo prompt neoadjuvant chemotherapy and surgical resection of the colorectal cancer.
The use of a minimally invasive endoscopic "step up approach" for management of infected necrosis consists of endoscopic transluminal drainage followed by endoscopic necrosectomy if the initial drainage doesn't result in clinical improvement. This technique has been performed since the early 2000's [13] and has been shown in several trials [14, 15] be superior to outcomes of surgical necrosectomy with regards to major complications and mortality. Our patient's case was amenable to endoscopic debridement given the stable, walled off necrosis surrounding the pancreas and was undertaken to facilitate a quicker recovery than if the patient had undergone a surgical necrosectomy. The endoscopic approach also helped to avoid further complications from general anesthesia and surgical intervention which would prolong progression onto chemoradiotherapy and colorectal resection.
Nutritional support is an essential component in the treatment of patients with severe pancreatitis due to the hyper-catabolic state and negative nitrogen balance associated with the disease [16] [17] [18] [19] . Furthermore acute malnutrition secondary to acute pancreatitis has been shown to result in immunological disturbances, septic complications, and delayed healing of wounds [20] . Multiple randomized control trials (RCTs) and meta analyses have demonstrated the benefit of early enteral nutrition in necrotizing pancreatitis [18, [21] [22] [23] [24] . Early enteral feeding is associated with beneficial outcomes in necrotizing pancreatitis, lower rates of mortality, systemic infections and multi-organ failure [25] . This is thought to be due to enteral nutrition maintaining the integrity of the gut barrier as a means of preventing bacterial translocation, which is the most likely cause of the systemic inflammatory response seen in necrotizing pancreatitis [26] [27] [28] [29] [30] . Our patient developed an ileus shortly after institution of enteral nutrition. Following resolution of the ileus, the patient was restarted on enteral feeds and tolerated them well throughout the remainder of his admission. The early enteral feeding helped to maintain gut wall integrity, possibly delaying superinfection in our patient.
Prophylactic antibiotic use in severe pancreatitis has been a contentious issue since the 1970's. Death from infected necrosis ensues in anywhere from 20%-80% of patients and occurs in approximately 40%-70% of patients with acute necrotizing pancreatitis [28, 31] . Although the mechanism is unclear, clinical data suggests that organism transmission from GI tract to the pancreas is the most likely source of infection [32] . Within the past decade, several RCTs and meta-analyses have examined the use of prophylactic antibiotics in the context of acute necrotising pancreatitis and have shown no statistically significant reduction in rates of infected necrosis or mortality [33] [34] [35] . With our case, antibiotics and anti-fungal agents were commenced early in the course as there was significant clinical suspicion of active infective necrosis given the patients consistently high temperatures, persistent periods of delirium and areas of enlarging necrotic tissue on imaging.
The implementation of the endoscopic step up procedure, early enteral support and antibiotics facilitated our patient's recovery to a point where he was able to undergo therapy for his colorectal cancer. Definitive source control achieved by debridement of the infected necrotic tissue facilitated his neoadjuvant radiotherapy treatment. The success of this treatment then facilitated progression onto neoadjuvant chemotherapy (which was initially withheld) and finally on to surgical resection. Due to scarring from the inflammatory process around the splenic flexure and the difficulty in mobilizing the bowel, a Hartmann's procedure was performed. This was deemed the most appropriate long term solution for the patient in view of the significant intraabdominal scarring.
CONCLUSION
The management of infected pancreatic necrosis with concomitant rectal cancer has not been described and presents unique challenges. Management of infected pancreatic necrosis with adequate nutritional support, antimicrobial therapy and ultimately a minimally invasive endoscopic necrosectomy, facilitated resolution and adequate drainage of the infected pancreatic necrosis. This enabled the patient to go on to receive neoadjuvant treatment for his rectal cancer prior to surgical resection. 
